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Abstract

The Wahawa geothermal field which is located in the Eastern province of Sri
Lanka has an average temperature of 60°C in its surface manifestations. Since
the temperature is considerably high, it is important to explore the feasibility
of direct utilization of the energy of this geothermal field. In the present
study, electrical resistivity measurements were employed in a 20 km’ region
in order to delineate the Wahawa geothermal system and to understand the
near-surface fracture pattern. Electrical resistivity mapping of the region has
been carried out using Schlumberger array measurements with nominal cur-
rent array spacing (half spacing) of 150 m and it was observed that there was
a path of low (<30 W) apparent resistivity. These results revealed that the
hotsprings resting on a hard rock terrain are presumably composed of meta-
morphic rocks, suggesting lateral movement of hotwater towards the hot-
springs instead of a deep-influx. The area of surface manifestations is not
suitable for utilization application due to clustering of the main feeding path.
The major hotwater feeding path which is extending in the west direction can
be recommended as a possible drilling target for direct utilization applica-
tions.
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1. Introduction

Heat from the deep earth is exposed to the surface in many ways; the conductive
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heat flow through the crust, volcanic eruptions, and as heated water. Hotsprings
are the features resulting when ground water is heated by geothermal forces and
brought to the surface (Hochstein, 1988). The occurrences of hotsprings are not
rare in many geological settings in the world, since the Earth is tectonically ac-
tive with plate margins and active faults. Water in the subsurface is heated basi-
cally by two methods. One method is that the water percolating deep into the earth
may be heated up under normal geothermal conditions and pumped up to the
surface, retaining the heat of the water. The other method is that the near-surface
magmatic body or a volcano may act as a source to heat up water at shallow
depths giving rise to hotsprings. Also, a slight change of water temperature may
occur due to biogenic processes, with no correlation to the heat at depths (Bjorn,
2016). According to the setting of the heat source, there are two types of heat
flow patterns that can be identified in a geothermal field (Figure 1). They are the
heat source immediately beneath the surface manifestation and vertical heat flow
path to the surface (Cox et al., 2015; Barnes & Rose, 1998) and the heat flow in
the direction of long-running angle fractures (Kresic, 2010; Kumara & Dharma-
gunawardhane, 2014).

Detailed information about water flow pattern of the hotspring is crucial for
harnessing heat for direct utilization. In particular, this is especially important
for demarcating near surface drilling targets. Therefore, this study was focused
on understanding the near surface water flow path of the Wahawa geothermal
field, which can be identified as one of the suitable geothermal fields for direct
utilization applications in Sri Lanka.

The gravity, magnetic and electrical methods play a vital role in geothermal
exploration (Shah et al., 2015; Kiyak et al., 2015; Kana et al., 2015). Gravity and
magnetic surveys are used to identify the geological structures and related geo-
logical features in the field (Blakely, 1996; Hinze et al., 2013). Resistivity techniques
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Figure 1. Types of hotsprings according to the feeding paths. (a) Heat source just beneath the surface manifestation and vertical
heat flow path to the surface (After Cox et al., 2015); (b) heat flow toward the long running angle fractures (After Kresic, 2010).
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are used to identify subsurface fracture patterns and reservoir characteristics (Pa-
lacky, 1988; Samaranayake et al., 2015). Among the resistivity methods, Direct
Current (DC) resistivity method is employed for low depths (Zohdy et al., 1973).
Therefore, the majority of geothermal exploration relies on magnetotellurics (Li
et al., 2015; Nimalsiri et al., 2015). The broad objective of this study was to deli-
neate the near surface fracture pattern and hence a DC resistivity method was

employed (Roy & Apparao, 1971).

2. Geological Setting

Sri Lanka is an island in the Indian Ocean, near the equator, between 5°55'N to
9°55'N latitudes and 79°42'E to 81°52'E longitudes. The geographical location of
Sri Lanka is comparatively far from known active tectonic plate boundaries. Near-
ly 90% of Sri Lanka is underlain by late Proterozoic high-grade metamorphic
rocks (Kehelpannala, 1997). Three major litho tectonic units are defined based
on Nd model ages namely the Highland complex (HC), the Wanni complex
(WC), and the Vijayan complex (VC) within the high grade metamorphic base-
ment (Nimalsiri et al., 2015) (Figure 2).

The actual contact between HC and VC is difficult to locate precisely due to
lack of outcrops, but there is evidence for a tectonic thrust between them. Geo-
thermal surface manifestations have been recorded in several places in Sri Lanka,
where it can be seen that a NS trending belt of hot springs lines up with the li-
thological boundary of the HC in the west and the VC in the east.

Wahawa thermal springs are located approximately 1 km away from the HC-VC
boundary on the VC side. The area is generally flat with few outcrops. The li-
thology of units underlying the terrain is composed of hornblende biotite and
the study area is characterized by a number of fractures and faults (Figure 3).
The prominent fracture trends in the NE-SW direction and it makes up the li-
neament governing the structure of the area. A major dolerite dyke is passing
through the study site in a NW-SE direction. The shear zone is driven perpen-
dicular to the dyke. The geothermal field is located in close proximity to the
area, where dolerite dykes and the shear zone intersect. Apart from that, there
are no prominent geological features visible in the area of interest. Wahawa
geothermal field consists of more than 10 surface manifestations. The surface
temperature of each hotspring is different from one another, with an average

60°C surface temperature.

3. Methodology

Electrical resistivity measurements are used in an investigation of a 20 km” re-
gion in order to delineate the Wahawa geothermal system and to understand
the near-surface fracture pattern. Electrical resistivity mapping of the region
has been carried out using Schlumberger array measurements with nominal
current array (half) spacing of 150 m. Figure 4 shows the electrode setup of the

Schlumberger array. Resistivity measured by the Schlumberger array can be
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Figure 2. Geological setting of Sri Lanka. Major crustal subdivisions, locations of the hot spring
systems.
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Figure 3. Geological features around Wahawa thermal spring system, (After Geological Survey and Mines Bureau of Sri Lanka,
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Figure 4. Electrode setup of the Schlumberger array.

expressed as

— 1

where

p = resistivity
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AV= Potential difference

I= Current.

According to Equation (1) and Figure 4, “a” is half of the potential electrode
distance [MN/2] and L is half of the current electrode distance [AB/2] (Telford
et al., 1990; Reynolds, 2011; Everett, 2013). Advanced Geosciences, Inc. (AGI)
mini string 2D resistivity imaging system with 28 electrodes is used for 2D data
acquisition.

The hotsprings of the geothermal field are roughly aligned with the NW-SE
direction and appear in the shear zone which is driven in the same direction.
Therefore, the EW direction was selected for main profiling and the NS direc-
tion was selected for cross profiling. These cross lines were used to control the
quality of the profiling. 26 2D profiles were obtained and resistivity profile setup
is shown in Figure 5. 1D resistivity profiles were conducted to enhance the data

quality by cross checking with 2D profiles.

4. Results

Twenty six (26) 2D profiles were obtained and they were categorized into 5 zones
(A, B, C, D, and E) according to the geology of the area (Figure 5).

Zone A: This is the Western end of the survey area and the dolerite dyke is
also located in this zone. Five 2D profiles (each 270 m long) were conducted in
this zone and the resistivity profiles are shown in Figure 6. According to the re-

sistivity images of 2D profiles, there are no indications for fractures in the Zone
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Figure 5. 2D resistivity profiles and vertical electrical sounding locations of Wahawa geothermal field; The survey chategarized in
to 5 zones and display as Zone A (blue polygon), Zone B (green polygon), Zone C (pink polygon), Zone D (purple polygon) and
Zone E (yellow polygon).
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Figure 6. 2D resistivity profile in Zone A; (a): Zone A-01, (b): Zone A-02, (c): Zone A-03, (d): Zone A-04, (e): Zone A-05.

A in the western side of the dolerite dyke.

Zone B: Northern end of the survey area is categorized as Zone B and 5 2D
resistivity profiles were conducted in this area. These profiles were set up in line,
so that they overlap with each other to obtain better results. The profile setting
and 2D profiles are shown in Figure 7. Zone B-01 and Zone B-02 images very
clearly show the presence of (comparatively) low resistivity zones. Since they
occur alternatively, they clearly indicate fracture zones (probably joints) in the
rock weathered at shallow depth. They must be tight as they extend to depths
and therefore, do not appear as low resistive zones towards depths. This is be-
cause high resistivity of country rocks dominates towards depth. The results
clearly show that the northern end is acting as a barrier for near-surface fracture
propagation.

Zone C: Zone C covers the eastern side of the geothermal field. According to
the terrain condition, only 2 profiles were conducted along the direction NS.
Figure 8 shows the line setup and 2D profiles of Zone C. There are some frac-

tures notable in the 2D profiles indicating the continuation of fracture in South
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Figure 8. Resistivity profile in Zone C: (a): Zone C-01, (b): Zone C-02.

East direction. 2D resistivity results (Figure 8), show a number of small frac-
tures through the area indicating the clustering of main fracture. The sharp
wide fracture noted in the western side of zone gives some evidence for main

fracture that is fed to the geothermal manifestations. Therefore, an extension

DOI: 10.4236/gep.2022.108020 334 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2022.108020

S. A. Samaranayake et al.

) 270 Ohm-m
@) o4 10000
E 14 A 2337
< 28 A 546
o
g _ A N 128
57 1 e - TS A = s 29.8
nverted Resistivity Section lteration=4 RMS=544% L2=3.29 Electrode Spacing=10m
b 0 60 90 270  Ohm-m
(b) o+ 0000
E 14 307
g 287 71
§' 43 2.3
o Inverted Resistivity Section Iteration=4 RMS =16.54% L2=30.40 Electrode Spacing =10 m 9
270 Ohm-m
10000
2176
474
103
57 R : G n 224
Inverted Resistivity Section Iteration=4 RMS=7.44% L2=6.15 Electrode Spacing=10m
0 30 60 90 120 150 180 70 Ohm-m
(d) o 10000
14 1963
E
= 28 385
g 43 76
a 7 14.8
Inverted Resistivity Section Iteration=4 RMS=3.64% L2=147 Electrode Spacing=10m

(e) 0 30 60 90 120 150 180 210 240 270 Ohm-m
10000
i2907
Inverted Resistivity Section Iteration=3 RMS = 2.87% .91 Electrode Spacing =10 m
30 60 90 120 150 180 270 Ohm- m
10000
: = : 2174
103
B Inverted Resistivity Section Iteration=3 RMS=2.92% L2=0.95 Electrode Spacing=10m
( ) 0 30 60 90 120 150 180 210 240 270 Ohm- m
1425
28.9
Inverted Resistivity Section Iteration=4 RMS =29.59% L2=96.38 Electrode Spacing=10m
0 150 180 270 Ohm—m
(h) o4 000
T 141 2209
£ 28
o
8 43
57 e 7 " 2 23.8
Inverted Resistivity Section Iteraton=4 RMS =6.83% L2 =5.18 Electrode Spacing =10 m
(i) 0 0 30 60 90 120 150 180 270 Ohm- m
4
B 14 2553
£ 28+
g 43
8 ® o
7 —— 5 5 = 42.5
Inverted Resistivity Section Iteration=3 RMS=2.94% L2=0.96 Electrode Spacing=10m

Figure 9. 2D resistivity profiles in Zone D; (a): Zone D-01, (b): Zone D-02, (c): Zone D-03. (d): Zone D-04, (e): Zone
D-05, (f): Zone D-06, (g): Zone D-07, (h): Zone D-08, (i): Zone D-09.

DOI: 10.4236/gep.2022.108020

335

Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2022.108020

S. A. Samaranayake et al.

of west boundary (Zone D) was considered to detect fracture propagation.

Zone D: ZoneD is in the area of the hotsprings. This area was surveyed as a
grid to understand the near surface characteristics of the hotspring field. The
layout of the profiles is shown in Figure 9. There are some near surface fractures
noted in figures of Zone D-04, Zone D-06, Zone D-07 and Zone D-08 indicating
the clustering of main fracture.

Zone E: Extension of western margin of Zone D is named as Zone E. Two
(02)2D profiles were conducted accordingly to understand the fracture propaga-
tion. The 2D resistivity structures of the Zone E profiles are shown in Figure 10.
Results show that the major fracture continued up to the dolerite dyke and dis-
appears, probably due to deepening of the fracture after the dolerite dyke.
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Figure 10. 2D resistivity profiles in Zone E; (a): Zone E-01, (b): Zone E-02, (c): Zone E-03.
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5. Discussion

The interpretation of the 2D resistivity profiles shows that the Wahawa geo-
thermal springs area has geo-electric layers with low, moderate, and relatively
high resistivity zones that could result in from high resistive rocks and fractures.
The resistivity imaging survey has also mapped different weak zones through
which the geothermal fluids discharge to the surface. The resistivity data shows
the presence of deep extending fracture zone in the hotspring area. The fracture
extends to the North West direction starting from the spring field as shown in
Figure 11. Then it is further bends to the south direction and passes through the
spring field. These fracture zones can act as pathways to thermal water from
depths. In addition, the Wahawa geothermal spring is associated with a major
fracture which is found to be oriented in the west direction, where both the do-

lerite dyke and the H/V boundary are located.

6. Conclusion

In this study, it was intended to understand the near-surface water flow path of
the Wahawageothermal springs in Sri Lanka using a resistivity method. The near
subsurface of the locality of thermal springs marked by a low resistive zone in-
dicates the channeling of major fracture in the area of surface manifestations.
The NW extension from this low resistive area shows the feeding fracture con-
tinuation. The impermeable metamorphic basement located in other cardinal di-
rections with higher resistivity indicates the absence of feeding fracture zones in
those directions. The current analysis revealed that the feeding fracture of the
Wahawa geothermal field is a western trending dipping fracture and extending
up to the dolerite dyke. The results of this study could be used for the direct uti-
lization applications, particularly to identify the drilling targets.
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